Abstract. The introduction of Device-to-Device (D2D) communication technology can effectively improve the utilization ratio of spectrum resources of cellular networks. However, when D2D communication multiplexes cellular spectrum resources, the cellular signal and D2D signal would not be obtained by cellular user or D2D receiver due to the interference between cellular signal and D2D signal. To solve this problem, a D2D relay transmission algorithm based on complex field network coding (CFNC) is proposed in this paper. Specifically, as CFNC is adopted in the relay node to encode the received cellular signal and D2D signal, cellular signal and D2D signal are recovered respectively by the D2D receiver and the cellular user with maximum likelihood detection. Performance analyses and simulation results show that, compared with the traditional D2D transmission algorithm, the proposed algorithm can significantly improve the system achievable rate, and moreover reduce the outage probability.
equipment, Oduola et al. obtained the transmission power range of the D2D users, but the power control scheme cannot reach the maximum system throughput [10] . In [11] , the base station is planning an interference limited area around the D2D receiver by setting the lower bound of SNR of the D2D communication. The cellular user channel within the interference limited region cannot be assigned to the D2D user. The methods of power control mentioned above all have some limitations, which limit the range of D2D communication and cellular communication.
Since D2D communication is not reliable when the distance between D2D transmitter and D2D receiver is too far away from each other, it is necessary to introduce the relay cooperation into D2D communication transmission. In [12] , a distributed relay selection scheme for D2D communication system is proposed, the performance of which is close to the optimal method. Xia et al. proposed a multi-relay selection strategy in D2D communication [13] , using channel state information to ensure the system performance. A variety of relay communication applications are studied in [14] , and points out the capacity of the system is obviously higher than simple direct link.
In order to solve signal interference between cellular user and D2D user, and improve transmission reliability of D2D communication, a D2D relay transmission algorithm based on complex field network coding (CFNC) is proposed in this paper. Specifically, when D2D communication multiplexes cellular downlink spectrum resource, cellular user, D2D receiver and relay user will receive the cellular signal sent by the base station and the D2D signal sent by the D2D transmitter simultaneously. D2D relay node adopts CFNC on the received cellular signal and D2D signal. And then cellular signal and D2D signal are recovered respectively by adopting maximum likelihood detection. Comparing with the traditional D2D transmission algorithm, the proposed D2D relay transmission algorithm based on CFNC can guarantee the cellular users and D2D receiver to recover cellular signal and D2D signal reliably, and meanwhile obtains two order diversity gain. Performance analyses and simulation results show that, compared with the traditional D2D transmission algorithm, the proposed algorithm can significantly improve the system achievable rate, and moreover reduce the outage probability.
Background

Complex Field Network Coding
Complex field network coding (CFNC) is proposed by Wang et al. [15, 16] , which can further improve the network throughput of wireless relay networks. In (2, 1, 1) wireless relay network, the two source nodes can not only directly transmit signals to the destination, but also can transmit through the relay node. Relay transmission model of (2, 1, 1) wireless relay network based on CFNC is depicted in Figure 1 . 
In time slot 2, the relay node R performs CFNC on the detected signal 1 x and 2 x to obtain the coded signal
, and then forwards the coded signal to the destination D . The signal received by the destination D at time slot 2 can be expressed as
where RD h denotes the channel fading coefficient, and
denotes the AWGN noise.  represents a link-adaptive scalar which controls transmit power at R . The maximum likelihood detection at D based on the data received in the two time slots can be expressed as
The process of relay transmission based on CFNC requires only 2 time slots, and the network throughput is 1/2 symbol/source/time slot, which obtains full diversity gain. Figure 2 illustrates the system model of D2D communication, where eNB is the base station, DS represents D2D sender user, and DD stands for D2D receiver user. In the cellular network, two D2D users at relatively close distance have D2D communication under the control of the base station. Before D2D communication, the D2D transmitter DS transmits the communication request to base station eNB through the control link firstly, and then eNB receives the request, and sends the request to D2D receiver DD. If the request is successful, the D2D communication will be established and D2D data can be directly transmitted between D2D users. Compared with the traditional cellular network communication, in D2D communication, D2D users transmit data through direct-path between DS to DD, which does not need the transmission through the base station, and saves the transmission time. 
Traditional D2D Transmission
D2D Relay Transmission Algorithm Based on Complex Field Network Coding
In a cellular network, D2D communication multiplexes cellular downlink spectrum resources for data transmission, illustrated in To solve the problems above, this paper proposes a D2D relay transmission algorithm based on CFNC. Figure 3 illustrates the D2D relay transmission model based on CFNC. Where UE represents cellular user, DS and DD denotes D2D sender and D2D receiver, DR denotes D2D relay node which cooperates DS and DD to achieve reliable D2D communication. Assuming that all transmission nodes have the same transmit power. Each channel fading coefficient i h is independent of each other and obeys the Rayleigh fading, satisfying
. The channel state information at the receiver is known.
The coefficient 1  and 2  drawn from the complex field is distributed to base station eNB and D2D transmitter DS. In time slot 1, base station eNB sends signal eNB x 1  to cellular user UE and idle relay user DR. As D2D multiplexing cellular downlink spectrum resources, D2D receiver DD will also receive a signal eNB due to spectrum multiplexing. The signal received by the cellular user UE, D2D relay node DR and D2D receiver DD in time slot 1 can be expressed as
where ij h denotes the channel fading coefficient, and
n and DD n is the Gauss noise, and
The maximum likelihood detection is performed at relay node DR can be expressed as
In time slot 2, the detect signal   is forwarded to cellular user UE and D2D receiver user DD. Thus the signal received by cellular user UE and D2D receiver user DD in time slot 2 can be expressed as 
The maximum likelihood detection is performed at D2D receiver DD based on the data received in the two time slots can be expressed as
In the D2D relay transmission algorithm based on CFNC, cellular user UE and D2D receiver DD can correctly recover the cellular signal and D2D signal. The cellular user UE and D2D receiver user DD can obtain full diversity gains.
Performance Comparison System Achievable Rate
Firstly, we analyze the system achievable rate of the D2D relay transmission algorithm based on CFNC, and moreover compared the system achievable rate with that of the traditional D2D transmission algorithm. The system achievable rate can be defined by
where T denotes the total number of time slots in the transmission process.
denotes the channel capacity of the ith channel, where i  denotes the instantaneous SINR [17] . Using Eq. (14), it is easy to obtain the system achievable rate of the traditional D2D transmission algorithm
The system achievable rate of the D2D relay transmission algorithm based on CFNC proposed can be expressed as increases obviously. Taking the value of SNR 15dB as an example, the system achievable rate of the D2D relay transmission algorithm based on CFNC is 5 bit/s/Hz, much larger than that of the traditional D2D transmission algorithm. Through simulation analysis, it is easy to see that the D2D relay transmission algorithm based on CFNC has advantages in the performance of system achievable rate.
Outage Probability
Assuming that the information rate is R , i.e., the sender sends a message at a rate R , the outage occurs when the instantaneous channel capacity ) ( i C  is less than the information rate R . In the following, we will analyze the outage probability of the two transmission algorithms.
In the traditional D2D communication, there is only one direct-path from D2D transmitter DS to D2D receiver DD. If the instantaneous channel capacity
of DS to DD is less than the information rate R , D2D receiver DD cannot correctly retrieve the signal from the sender, and then the D2D communication has an interruption. In this case, the outage probability of D2D receiver is given by
into Eq. (17), we can obtain the outage probability of the traditional D2D communication as . In the D2D relay transmission algorithm based on CFNC, two links can be used to transmit signals, which are the D2D direct link and the relay link transmitted through the relay node DR. When the direct link DS-DD transmission fails and D2D receiver cannot correctly receives the encoded signal forwarded by relay node, there will be an interrupt. The outage probability of D2D receiver is given by 
Using MATLAB to calculate the outage probability of the two transmission algorithms, the simulation results are illustrated in Figure 5 . Choosing the information rate R is 1.5 bps, it can be obtained that the outage probability of the two transmission algorithms decreases with the increase of SNR. Moreover, the outage probability of the D2D relay transmission algorithm based on CFNC is always less than the traditional D2D transmission algorithm. Concretely, when SNR is 20 dB, the outage probability of the D2D relay transmission algorithm based on CFNC is 
Conclusion
In cellular networks, when D2D user multiplexes cellular downlink spectrum resources for D2D communication, both D2D receiver and cellular user will be unable to correctly receive the cellular signal and D2D signal because of signal interference. Thus in this paper, a D2D relay transmission algorithm based on CFNC is proposed. By introducing the relay node to D2D communication, the signal sent by base station and the signal transmitted by D2D transmitter are encoded with the CFNC at relay node, and then the CFNC signal is forwarded to the cellular user and D2D receiver. D2D receiver and cellular user can retrieve the corresponding signal by maximum likelihood detection. Theoretical analysis and experimental simulation show that, the proposed D2D relay transmission algorithm based on CFNC can significantly improve the system achievable rate, and moreover reduce the outage probability.
